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Background 

In recent years, innovation in the area of silicon integrated circuits has proved 
to be a major factor in the growth of the electronics industry. Current devices are of a 
scale on the order of tenths of micrometers. One goal of circuit designers is to further 

10 reduce the size of the chip space required for circuit components. Reducing the 

utilized chip space may reduce the amount of power required to operate the chip, may 
reduce the temperature of the circuit, and may allow the circuit to operate faster and 
more efficiently. Some solutions have been proposed to create silicon integrated 
circuits on the nanometer scale, but they all have limitations. 

15 An extension of silicon processing has enabled microelectromechanical 

systems (MEMS) development. By incorporating deposition, etch and photo 
lithography processing, micron scale mechanical structures can be combined with 
electronic devices. 

On the nanometer scale, there is much interest in creating structures to enable 
20 chemical and biological sensors, nanoelectronics and photonic devices. Some 

approaches to constructing nanometer scale structures include fine scale lithography, 
nanoimprint lithography, direct writing of device components, and the direct chemical 
synthesis and linking of components with covalent bonds. Each of these conventional 
approaches has their own drawbacks. 
25 Fine scale lithography utilizes X-rays, electrons, ions, scanning probes, or 

stamping to define device components on a silicon integrated circuit. Device 
alignment is a major problem with fine scale lithography. The wafer on which the 
devices are built must be aligned to within a fraction of a nanometer in two or more 
dimensions. This level of control is extremely expensive to implement. E-beam 
30 lithography, a type of fine scale lithography, is capable of producing lines on small 
scale, but is limited in the size and range over which the lines can be written. The E- 
beam lithographic method also requires a high vacuum, which precludes the use of 
most organic materials in producing nanoscaled components. Additionally, E-beam 
lithography is slow and expensive, making it commercially impractical. 
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Another conventional method for producing lines is Nano Imprint Lithography 
("NIL"). This method requires the use of molds. These molds are typically created 
by E-beam lithographic methods and require high pressure. Limitations exist with 
respect to mold release and defect replication. 
5 The direct writing of the device components by electrons, ions, or scanning 

probes also has drawbacks. This is a serial process. Therefore, the direct writing of a 
wafer full of complex devices, each containing trillions of components, requires an 
extraordinary amount of time. This makes direct writing impractical to implement in 
large-scale commercial applications. 

10 Another method is direct chemical synthesis and linking of components with 

covalent bonds. The problem with this method is that the only known chemical 
analogues of high information content circuits used have been proteins and DNA. 
Both of these chemical analogues have extremely complex and, to date, unpredictable 
secondary and tertiary structures that cause them to twist into helices, fold into sheets, 

15 and form other complex three-dimensional structures. The resulting topography is not 
useful for making nanoscale structures. 

Therefore, a need exists for a method and system that can create well ordered 
nanoscale structures using commercially feasible processes. 
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Brief Description of Drawings 

Figure 1 is an illustration of a nanoscale component made according to an 
embodiment of the invention; 

Figure 2a is an illustration of an organic molecule for use in a method of 
5 making a nanoscale component according to an embodiment of the invention; 

Figure 2b is an illustration of an organic molecule for use in a method of 
making a nanoscale component according to an embodiment of the invention; 

Figure 3 is an illustration of the application of a solution for use in a method of 
making a nanoscale component according to an embodiment of the invention; 
10 Figure 4 is an illustration of an aligning substrate surface with a monolayer of 

self-assembled organic molecules for use in a method of making a nanoscale 
component according to an embodiment of the invention; 

Figure 5 is an illustration of an aligning substrate surface with the monolayer 
of organic molecules being applied to a target substrate for use in a method of making 
15 a nanoscale component according to an embodiment of the invention; 

Figure 6 is an illustration of a target substrate having a highly ordered pattern 
of organic molecules on its surface for use in a method of making a nanoscale 
component according to an embodiment of the invention; 

Figure 7 is an illustration of a target substrate having highly ordered pattern of 
20 organic molecules on its surface and having substrate etched away to make a 
nanoscale component according to an embodiment of the invention; 

Figure 8 is a flow chart illustrating a method of making a nanoscale 
component according to an embodiment of the invention; and. 

Figure 9 is a flow chart illustrating a method of making a nanoscale 
25 component according to an embodiment of the invention. 
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Detailed Description 

Embodiments of the invention are directed to methods for creating well- 
ordered nanoscale features. Processes for creating nanoscale features are critical to 
enabling the development of nanoscaled integrated circuits. For example, features 
5 such as conductors and dielectrics can be developed on a substrate, as can other types 
of materials, such as gold, Au, nanoparticles could be conductors. Aligning organic 
molecules could be dielectrics used for certain components. As discussed above, the 
benefits of smaller scaled integrated circuits include faster processing times and lower 
temperatures when implemented in computing devices. It will be appreciated by 
10 those skilled in the art, however, that other embodiments of the invention may be 
implemented in applications where nanoscale features are useful, without departing 
from the spirit and scope of the invention, which is defined in the appended claims 
and their equivalents. 

In one embodiment, self-assembling organic molecules are used to create 
15 nanoscaled features on an aligning substrate. The processes utilize the tendency of 
certain organic molecules to self-assemble into ordered patterns on certain substrates. 
The aligning substrate is made of a material that will facilitate self-assembly of 
organic molecules. Graphite, for example, would be an aligning substrate. It has a 
highly ordered crystal plane which adsorbs alkyl-cyano biphenyl molecules resulting 
20 in an ordered monolayer via self-assembly. This ordered layer is the foundation for 
building multiple structures on the nanoscale. 

In one embodiment, the ordered layer formed on the aligning substrate would 
be used as an aligning surface to another species, either atomic, molecular or 
particulate. The species applied would preferentially align to a specific functional 
25 group. As such, multiple modifications of the surface could be performed resulting in 
multiple layers or chemical modifications of well-ordered structures defined by the 
initial layer formed on the aligning substrate. 

In another embodiment, the ordered layer formed with or without modification 
on the aligning substrate is transferred to a target substrate. This self-assembled array 
30 may then be utilized as a mask. The material surrounding the mask may be etched to 
create nanoscale features in the masked areas. 

According to an embodiment of the invention, the parameters of the nanoscale 
features can be controlled. For example, if the nanoscale features are wires: the 
length, width, height, distance apart, and number of wires may be controlled by the 
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use of different process steps and process components. The desired parameters of the 
nanoscaled wires are, in part, a function of the composition of the organic molecules. 
Embodiments of the invention provide means to allow a designer to vary the 
parameters of certain circuit components on a nanoscale. Therefore, the composition 
5 of the organic molecule is a design choice made based on the desired parameters of 
the final product. 

Referring to Figure 1, one example of a resulting component having 
nanoscaled features is provided. The component 100 comprises a substrate 110 with 
lines 120, 130 positioned on the substrate's 110 surface. If used as electrical lines 

10 these structures 120, 130 would be made of metal. These structures could be made of 
other materials depending on the application. The structures 120, 130 are defined by 
a height, h, a width, w, and a length, 1, and are separated by a space d. According to 
an embodiment of the invention, sub-nanoscale dimensions and position of the 
structures can be controlled. These dimensions and positions may vary in practice. 

15 However, according to an embodiment of the invention, the structures created can be 
substantially straight and parallel, and will also be of a consistent width and height. 

At the beginning of the process, the organic molecules, having head groups 
and tail groups, may be prepared in a solution. The organic molecule is then 
introduced to the aligning substrate in solution or via other transport mechanisms. 

20 The molecules could also be introduced by liquid injection, or other transport 
mechanisms are possible. 

When the organic molecules come into contact with the aligning substrate, the 
organic molecules spontaneously self assemble, forming monolayer arrays. The 
monolayer arrays form a highly ordered pattern, as the organic molecules line up in 

25 pairs with head groups pairing with other head groups, and tail groups pairing with 
other tail groups to form parallel rows. The term "highly ordered" is a relative term 
indicating a periodic pattern created by the self-assembled molecules. According to 
an embodiment of the invention, the distance between parallel rows of paired organic 
molecules can be controlled based on the selection of the organic molecules and 

30 process solutions. The graphite lattice constrains the head spacing. The chain and 
functional group can provide added steric forces, which may affect which sites the 
head groups adsorb. The choice of head group would also affect spacing of 
molecules. The result is an array of organic molecules having pairs of head groups 
that are lined up by their head groups and separated by their tails in a substantially 
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straight and parallel manner. Weak Van der Waals forces bind the organic molecules 
to the substrate. 

This ordered array of molecules may then be used in two distinct ways. First, 
the surface of the aligning substrate that holds the self-assembled monolayers of 
5 organic molecules is treated with molecules or particles that preferentially interact 
with the head groups of the ordered array on the aligning substrate. These interacting 
molecules or particles may be delivered in the gas, liquid or solution phase. The 
molecules or particles are allowed to remain in contact with the self-assembled 
monolayers of organic molecules until a secondary array is created. In this way, an 

10 ordered array of molecules or particles with desired electrical, chemical or material 
properties can be created from molecules or particles that would not otherwise have 
assembled into a nanoscale array. Alternatively, the surface of the aligning substrate 
that contains the self-assembled monolayers of organic molecules is brought into 
direct contact with the target substrate. To assure adequate contact between the 

15 aligning substrate and the target substrate surface, slight pressure may be applied. 

The composition of the organic molecule is chosen such that one end of each organic 
molecule will be strongly attracted to the material composing the target substrate 
surface. This end anchors the organic molecule to the target substrate. When the 
organic molecules contact the target substrate, the anchors attach to the surface of the 

20 target substrate. When the aligning substrate is removed from the target substrate, the 
anchors of the organic molecules remain attached to the target substrate. The rest of 
the composition of the organic molecule is chosen such that it will not be attracted to 
the target substrate, and only weakly attracted to the aligning substrate. Therefore, 
when the aligning substrate is removed from the target substrate, the portion beyond 

25 the anchor end of the organic molecule detaches from the aligning substrate and then 
stands up and away from the target substrate surface. Anchored to the target substrate 
at one end, each organic molecule forms a substantially perpendicular line on the 
target substrate's surface. 

In addition, other layers may be optimally added. Multiple layers may be 

30 layered upon each other to provide different characteristics, different layers, different 
structures and different textures to the device being created. The processes described 
herein and equivalent processes can be performed on multiple layers according to 
embodiments of the invention. 
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A narrow space exists between each pair of anchor ends. A relatively wider 
space exists between neighboring non-paired anchor ends. The wider spaces are 
revealed as the organic molecules stand up. In practice, the choice of different 
compositions of organic molecules can be used to predictably control and create the 
5 spacing between the rows of organic molecules. The spaces between the non-paired 
anchor ends will be a function of the length of the organic molecules. 

The organic molecules standing up on the target substrate can be used in a 
nanoscale circuit as a dielectric. Alternatively, the areas of the target substrate that 
are not covered by the organic molecules may be etched away, leaving rows of 

10 nanoscaled material on the target substrate. As a further step, the organic molecules 
attached to the nanoscaled material may be removed with an appropriate solvent or 
etch. If the substrate has a layer of conductive material such as gold, nanoscaled 
wires can be formed on the target substrate. Thus, nanoscaled wires can be formed 
accordingly, and their parameters and orientation can be controlled using this method. 

15 A method for creating a circuit, such as that shown in Figure 1, utilizes an 

organic molecule that has a tendency to self-assemble into ordered patterns. In one 
embodiment, after the self-assembly occurs, ordered rows of organic molecules are 
created on a substrate surface and can be used as an etch mask. In another 
embodiment, the ordered rows of organic molecules can be used as a dielectric circuit 

20 component. As discussed below, the head group is made up of a subgroup and 

optionally a functional group. The tail group is composed of an alkyl chain having 
one end attached to the head group, and the other end extending away from the head 
group. The length of the tail will determine the distance between one row of self- 
assembled head group pairs and another row of self-assembled head group pairs. 

25 Generally, an embodiment of the invention is directed to molecules that have a 

tendency to self-align under certain circumstances. Referring to Figure 2a, a general 
block diagram of a functional group and corresponding sub-group that make up the 
head group and a tail group are illustrated. Some molecules have a tendency to line 
up, where the head groups line up with the head groups, and the tail groups line up 

30 with the tail groups. In one embodiment, the organic molecule used is an alkyl- 

cyanobiphenyl liquid crystal. Alkyl-cyanobiphenyls are organic molecules. Alkyl- 
cyanobiphenyl liquid crystals adopt the generic structure represented in Figure 2b. 
Embodiments of the invention are not limited to the use of substituted biphenyls, but 
extends to other molecules that have graphite-like subgroups, such as phenanthrenes, 
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1,6-diphenylbenzene, and other similar molecules. Such molecules have a tendency 
to self assemble into highly ordered patterns on a graphite surface, such as a HOPG 
surface. An alkyl-cyanobiphenyl has two organic subgroups, the cyano biphenyl and 
an alkyl chain. The biphenyl is a graphite-like subgroup that is part of the head of the 
5 molecule. Graphite-like can include any molecular group having sp 2 hybridization 
that resembles a fragment of a graphite sheet. Aromatic rings are an example of sp 2 
hybridization useful in the practice of embodiments of the invention. The alkyl is a 
straight chain saturated hydrocarbon that defines the tail group of the molecule. The 
alkyl references an undefined alkane (single bonded carbon atoms) chain length. For 

10 example, a "hexyl" prefix of an alkyl indicates six atoms in the chain length, "octyl" 
defines eight, "decyl" defines ten, etc. Again, according to embodiments of the 
invention, the solution and the length of the chain, or the tail group, determines the 
distance between the self-assembled organic molecules. 

An embodiment of the invention is directed to the self-assembly of the 

15 molecules at the surface of the aligning substrate. Though the embodiment being 
described in Figure 2 refers to an alkyl-cyanobiphenyl liquid crystal, not all 
embodiments will display liquid crystalline properties. Other organic molecules that 
have graphite-like subgroups, for example, would behave in the same manner. The 
biphenyl subgroup is illustrated and described as one embodiment. This invention is 

20 not limited to any particular graphite-like subgroup. In other embodiments, molecular 
groups having sp 2 bond hybridization will have graphite-like properties and can be 
useful substitutions for the alkyl-cyanobiphenyl liquid crystal. 

"Cyano" refers to the CN functional group on the biphenyl subgroup. This 
cyano functional group may be substituted with another functional group based on the 

25 functional group's attractive properties. According to embodiments of the invention, 
different functional groups are attracted to different materials. In this embodiment, a 
thiol functional group is substituted for the cyano functional group. Thiol references a 
class of materials that incorporate a thiol functional group with one sulfur atom. The 
thiol is used to cause the organic molecule to be attracted to gold. Another example 

30 of a functional group that could be substituted for the cyano is isocynate. Isocynate is 
attracted to platinum and palladium. Other examples of functional groups include 
amines, isonitriles, and other similar groups. 

Referring to Figure 3, a solvated preparation of the substituted alkyl- 
cyanobiphenyl is applied onto an aligning substrate 310. The aligning substrate 310 
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contains highly ordered pyrolytic graphite (HOPG). This process could also be 
performed by other methods, including liquid injection, precursors in a gas phase, and 
other known methods. This embodiment utilizes the tendency of alkyl-cyanobiphenyl 
liquid crystals to self-assemble into ordered patterns of biphenyl molecules when 
5 applied to HOPG. When applied to the HOPG surface, or the aligning substrate 
surface, the self-assembled molecules align on the surface. Embodiments of the 
invention employ this tendency of the self-assembling molecules to align into ordered 
patterns on the surface of the aligning substrate. The method may further include a 
solvent system used to create the solution of organic molecules. The surface shown is 

10 substantially planar, but may also be non-planar, flexible, or of other orientations 
depending on the application. 

Referring to Figure 4, after the substituted alkyl-cyanobiphenyl solution comes 
into contact with the aligning substrate 310 the alkyl-cyanobiphenyl solution self- 
assembles into organic monolayers. The self-assembly occurs rapidly, in a matter of 

15 seconds. The pattern formed is seen on the surface of the aligning substrate 310. The 
self-assembled organic molecules form an ordered pattern where they line up, in pairs 
and form parallel rows, A, B, having space d between them. The number and lengths 
of rows formed will be limited by the size of the aligning substrate, and could 
continue almost indefinitely. Thus, this parameter can be controlled as well. 

20 Biphenyl rings of the molecules align themselves over similar structures in the 

graphite layer. The organic molecules bind to the aligning substrate surface through 
weak Van der Waals forces. The functional groups 420, show where the ends have 
been functionalized with thiol (i.e., contain a thiol functional group). 

As illustrated in Figure 4, the head groups align with other head groups to 

25 form substantially uniform and highly ordered rows, A, B, where the head groups 
pair-up with each other. The tail groups pair up similarly to define lateral space d, 
located between the rows. According to an embodiment of the invention, the width of 
each row may be predetermined according to the head group chosen. In addition, the 
lateral space d between the rows can be predetermined by selecting a solution that will 

30 form tail groups according to the desired space. In another embodiment, the lateral 
spacing d can be further modified by solvating the self-assembling molecules in an 
alkane solvent. The alignment surface shown is substantially planar, but may also be 
non-planar, flexible, or of other orientations depending on the application. 
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Referring to Figure 5, the next step is shown after the self-assembling has 
taken place on the aligning substrate 310. The side 520 of the aligning substrate 510 
that contains the self-assembled organic molecules 530 is brought into direct contact 
with the target substrate 570. Target substrate 570 is shown with two layers, a metal 
5 layer 540 over a base layer 550. An example of such a configuration is a gold layer 
on top of silicon, which may later be etched to form wires according to an 
embodiment of the invention. 

The target substrate and aligning surface shown in Figure 5 is substantially 
planar. However, in other embodiments, either could be non-planar or even flexible. 

10 According to an embodiment of the invention, arrays may be aligned on a non-planar 
or flexible surface, then applied to a substrate. Likewise, the substrate could be 
planar, non-planar, flexible or other orientation. Such substrates can be 
accommodated for applying the alignment surface to the substrate surface to apply 
arrays of components on the substrate surface. 

15 Slight pressure may be applied to assure adequate contact between the 

aligning substrate 510 and the target substrate 570. In other embodiments, materials 
such as palladium or platinum may also be used for a target substrate surface in place 
of gold. The choice of different target substrate surfaces would require alternative 
functional groups to facilitate the attachment of the self-assembled molecules. 

20 In this embodiment, each head of the organic molecules would contain a thiol 

functional group providing a strong attraction to gold. Therefore, the functional group 
of the head groups will be strongly attracted to the target substrate surface 560 when 
brought into contact with the target substrate 570. As another example, if platinum or 
palladium were the desired target substrate surface, an isocynate could be used as a 

25 functional group. Other functional groups that may be used include cyanides, 

cyanates, isocyanides and other similar functional groups. The functional groups are 
chosen based on their ability to to attach to the target substrate surface after the self- 
assembly of the molecules. 

In Figure 6, the target substrate surface 560 is shown after the aligning 

30 substrate 310 has been removed. Examining one of the organic molecules, the 
functional group 625 of the head group remains attached to the target substrate 
surface 560, while the biphenyl/alkyl end 610 of the molecule stands up from the 
substrate surface 560. When the biphenyl/alkyl ends stand up, the organic molecules 
form substantially perpendicular lines directed away from the target substrate surface 
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560. A wider space d occurs where the tail groups were aligned on the target 
substrate surface 560, defining the distance between functional group 615 and 
functional group 635. A relatively narrow space b occurs where the functional groups 
of head groups align in pairs with functional groups of other head groups. For 
5 example, the narrow space b defines the distance between the functional group 615 
and functional group 625. In practice, the space b will be small in comparison to the 
wider space d. Also, the proportions illustrated in Figure 6 and other related figures 
are not necessarily representative of actual proportions in practical applications. For 
example, the space b may be smaller than shown, as the functional group pairs are 

10 more tightly packed in practice. According to an embodiment of the invention, the 
choice of different lengths of alkyl chains and solvents can be used to predictably 
control the spacing of the organic molecules in the self-assembled monolayer arrays. 
The alkyl chains provide steric separation of the head groups. By increasing the 
length of the alkyl chain, the space d can be increased. In practice, more layers could 

15 be added to the surface 560 to create further three-dimensional structures or more 
complex patterns on the component. 

As seen in Figure 7, the areas of the target substrate 560that are not covered by 
the organic molecules may be etched away, leaving two lines 120, 130 on the base 
layer of the target substrate 570. The two lines 120, 130 have organic molecules 

20 attached. The organic molecules shown in Figure 7 attached to the two lines 120, 130 
may be etched off providing the component 100 shown in Figure 1. In another 
embodiment, the self-assembled monolayers can be used as seen in Figure 6 as an 
ordered dielectric array atop the target substrate. Thus, according to an embodiment 
of the invention, nanoscale circuit materials and components can be formed and their 

25 size and orientation can be substantially controlled. In practice, more layers could be 
added to the component to create further three-dimensional structures on the 
component. 

If the organic molecules are used as a mesh to make circuit wires (such as 
mesh over a gold substrate layer formed over a base substrate, silicon, etc. . .), for 
30 example, the width of the rows would define the width of the resulting wires after the 
material occurring in the space d, is etched away. The space d, would define the 
space between the wires. As another example, the organic molecules may be used as 
a dielectric circuit component, an array of dielectric lines. Such dielectric lines would 
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have a width that is equal to the width of the row A or B, for example, separated by 
space d. 

Referring to Figure 8, one process embodying the invention is illustrated. 
Though this process is described in the order of the steps illustrated in Figure 8, the 
5 invention is not limited to the order of these steps. At the Start of the process, a 

solution of organic molecules is prepared in Step 800. As discussed above, a sample 
of an organic molecule that has a tendency to self-assemble into ordered patterns is 
prepared. In one embodiment, the organic molecule used is an alkyl-cyanobiphenyl 
liquid crystals. The invention is not limited to the use of alkyl-cyanobiphenyls, but 
10 extends to molecules that have a tendency to self assemble on an appropriately 

accommodating surface. Examples are those that have graphite-like subgroups that 
have a tendency to self assemble on a graphite surface, such as a HOPG surface. 
Some examples of subgroups include phenanthrenes, 1,6-diphenylbenzene, and may 
include others. 

15 As discussed above, in one embodiment, a thiol functional group may be 

substituted for the cyano functional group in step 800. The thiol is used to cause the 
organic molecule to be attracted to gold. Thiol references a class of materials that 
incorporate a thiol functional group with one sulfur atom. Another example of a 
functional group that could be substituted for the cyano is isocynate. Isocynate 

20 references a class of material that incorporates an isocynate functional group. 
Isocynate is attracted to platinum and palladium. 

Next, in Step 810, a solution is applied to an aligning substrate, wherein the 
organic molecules naturally self-assemble into ordered patterns. As discussed above, 
after the substituted alkyl-cyanobiphenyl solution comes into contact with an aligning 

25 substrate, the alkyl-cyanobiphenyl liquid crystals self-assemble into organic 
monolayers. The self-assembly can occur rapidly, in a matter of seconds. An 
example of a pattern formed is seen in Figure 4 on the surface of the aligning 
substrate 410. When the organic molecule solution self assembles on the aligning 
substrate, it forms monolayers composed of organic molecules. Self-assembled 

30 organic molecules form an ordered pattern. The ordered pattern is formed as the 
organic molecules line up in pairs and form parallel rows. The organic molecules 
bind to the aligning substrate surface through weak Van der Waals forces. 

In Step 820, the aligning substrate is juxtaposed with a target substrate. As 
discussed above, the next step after the self-assembly has taken place is juxtaposing 
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the aligning substrate with a target substrate. The side of the aligning substrate 
containing the self-assembled organic molecules is brought into direct contact with 
the target substrate. Slight pressure may be applied to ensure adequate contact 
between the aligning substrate and the target substrate. In an alternate embodiment, 
5 the surface of the target substrate is gold and the base layer is silicon. Each head 
group of the organic molecules contains a substituted thiol functional group that was 
chosen for its strong attraction to gold. Therefore, the functional groups of the head 
groups will become strongly attached to the target substrate surface when brought into 
contact with the target substrate. Materials such as palladium or platinum may be 

10 used for a target substrate surface in place of gold. The choice of different target 
substrate surfaces would require different functional groups to facilitate the 
attachment of the self-assembled molecules. 

In Step 830, the aligning substrate is separated from the target substrate, 
leaving ordered patterns of the organic molecule on the substrate surface. In Figure 6, 

15 the target substrate surface 560 is shown after the aligning substrate has been 

removed. Examining one of the organic molecules, the functional group 615 of the 
head group remains attached to the target substrate surface 560, while the 
biphenyl/alkyl end 610 of the molecule stands up from the target substrate surface 
560. When the biphenyl/alkyl ends stand up, the organic molecules are directed away 

20 from the target substrate surface 560. In practice, the choice of different lengths of 
alkyl chains and solvents used in preparing the organic molecules can be used to 
predictably control the spacing between the organic molecules in the self-assembled 
monolayer arrays. 

Referring to Figure 9, an alternate process is illustrated in a flow chart 900. 

25 The process begins at Step 902, and, in Step 904, organic molecules are prepared, 

such as certain organic molecules that have a tendency to naturally align under certain 
circumstances. In Step 906, the aligning organic molecules are applied to a substrate 
where they self-assemble into an ordered layer. In Step 908, it is determined whether 
an additional layer is to be added. As discussed above, multiple layers may be added 

30 upon one another according to an embodiment of the invention. If more are to be 

added, the process proceeds to Step 910, where the species are applied preferentially 
to a specific functional group, or a species in a previous ordered layer. The process 
loops back to Step 908, and can loop a number of times according to the number of 
layers desired. When no further layers are to be deposited, the process goes to Step 
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912, where it is determined whether the patterned layer, or possibly the stack, is to be 
transferred to an alternate substrate. If no, the process ends at Step 914. If yes, the 
process proceeds to Step 916, where the ordered pattern is juxtaposed on an aligning 
substrate with the alternate substrate. Then, in Step 918, the process of separating the 
aligning substrate from the alternate substrate is performed, leaving the ordered 
pattern, or patterns, of layers on the alternate substrate. Next, the process proceeds to 
Step 920, where it is determined whether the pattern would be used as a mask. If not, 
then the process ends at Step 914. If yes, then structures are created in Step 922 on 
the alternate substrate using the transferred pattern as a mask. 

The resulting product from these processes can be used as is, to create an 
ordered dielectric array atop the target substrate, or it can be used as a mask layer to 
create a complimentary pattern on a target substrate. According to an embodiment of 
the invention, nanoscale circuit materials and components, metal lines and dielectric 
structures, can be formed accordingly, and their size and orientation can be controlled. 

Embodiments of the invention have been described with reference to a method 
and apparatus for creating nanoscaled circuit components with monolayers made with 
self-assembling organic molecules. It will be appreciated by those skilled in the art, 
however, that the invention has broader utility. Other embodiments may be 
implemented according to the invention without departing from the spirit and scope of 
the invention, the scope of which is to be construed in accordance with the following 
claims and their equivalents. 
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